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This document contains some examples related to the
study of structural forms with particular reference to the
union of the parts that compose the architectural system
of a construction.

The material is conceived as a resourse to support the
course Systems and Compontens Design, a disciplinary
contribution of «Technology of architecture» to the inte-
grated laboratory Architecture and Structure Design Lab
(1st year)

prof. Giuseppe Ridolfi, PhD | 2015 |rev 2017




m INDUSTRIAL DESIGN AND ARCHITECTURAL DIGITAL FABRICATION 1_SYSTEMS AND COMPONENTS DESIGN

Building is a big entity that needs to be assembled in different
parts and phases.
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ON FORM INVESTIGATION
ASSEMBLING AND JOINING
STRUCTURES

Building is a big entity that needs to be assembled in different parts and phas-
es. Parts that have their materiality, dimensions, weight and performances.
All these characteristics affect modality and strategy to build. Dimensions and
weight need to be considered for transportation and manoeuvrability.

Elements that exceed normal dimensions allowed for trucks transportation
(2,55 m width; 3,4 m heigth, 12 m lenght) cannot be used to build. Elements
with a weight that exceeds the normal capacity of a man require the use of
equipment for handling. Also dimensions that cannot fit the human capacity
needs specific tools and machines, sometimes very expensive.

Dimensions has to be carefully considered for the constraints that may be pre-
sent on the building site or during the construction phase because other ele-
ments already made may prevent their positioning.

If the behaviour of each element is very important when the building is in
use, its performances is also very important for the construction process. The
assembling and joining peculiarities of each elements represent an important
issue affecting the strategy of conceiving building projects regardless of the

adopted structural type.

-
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Elements that exceed normal dimensions allowed for trucks transportation (2,55 m
width; 3,4 m hight, 12 m lenght) cannot be used to build.
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using gravity and friction using stretching and tightening

Some ways of building

Excluding excavation one of the main way to build was stacking: piling materi-
als or elements exploiting their friction characteristics and weight and later,
using their capacity to be bound by a third material.

Another archetype of building systems is weaving, where materials have in-
herent characteristics to be bent and stretched. Usually, in this systems light
elements are preferred, where in the first one the heaviest are most used.

At the beginning of the 1900 the industrial production of concrete allowed
another way to build: we can recognize this new approach as casting. Casting
concrete represented a very new significant opportunity for the art of archi-
tecture, but we have to recognize that weaving was still the strategy and the
technique under this new way of production.

In fact, the traditional execution of this technology required that builders must
prepare the mold before pouring concrete and these mold, the formworks,
were made by assembling wooden boards and beams. It is well known that,
in the past, the best workers for concrete structures came from the shipyards
or from areas where wood technology was widely used.

The other material that emerged from the industrial revolution was the iron,
used in its different percentage of carbon: grey cast iron, mild steel, steel and
today in other alloy combination with different characteristics such as the Ex-
ten, Mar-Ten e Triten types where the CorTen, patented in USA in the 1933, is
the most famous one.
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For it's nature and performances it's clearly evident that also for iron the as-
sembly strategy was weaving. In fact, since the beginning and without any
scientific knowledge, designers and constructors approach this new material
applying wooden techniques to arrange elements and to assemble them.

o P
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Bridge on River Severn by Abraham Darby I, 1779. A clear example of weaving and how, without scientific knowledge, designer applyed the rules
of thumbs from other technologies: in this case from the construction of stone arches since cast iron has the same structural behavior of stone.
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Building structure typologies and peculiarity
of their elements.

The effects of these two strategies (stacking
vs weaving) can be clearly observed also on
the structural design approach. We can differ-

(e Kz entiate two structural typologies: the platform
lkf:i f erf)"ﬁ- type and the continuous pole type where the
N J r " former is more suitable to be realized using-

stacking, the latter using weaving.

The construction of a platform building, also
known as «box structure», proceeds floor by
floor with some advantages and disadvantag-
es. For example, it can provide a safe surface
for workers. Floor can be used as a place to
assemble walls or other elements and from
there to tilt the entire unit into place; it can
also offer a good barrier for fire stopping. As
disadvantages we can list the fact that the
walls present discontinuity and do not work
optimally when the structures must have a
5 prevailing vertical development. This kind of
IH““'\\ approach has good applications in housing,
"ﬂ'ﬂ_l![,lﬂ' when the plans lay-out is repetitive and their
11 '-.|||_‘ span are not very long.

The long pole (or «continuous post») struc-
ture type is mainly used for buildings where
the vertical elements prevail in their continu-
ity, and the horizontal ones are placed after
the vertical components are in position. This
kind of structure has good applications for tall
building, wide facade or where a large space is
required. In the history a good example of this
technique were the stavkirke mainly located
in Norway where tall and straight trees were
available. Another example of this technique
was the famous «Balloon-frame» that a popu-
lar suggestion, reported by the architect John
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M. Van Osdel, indicates in the
Chicagoan carpenter George
W. Snow his inventor.

Also in this kind of building,
the vertical elements run
uninterrupted and the hori-
zontal joists are attached to
them but with important dif-
ferences compared to the old
stavkirke. The differences were
the fastening system and the
elements used. In fact, the bal-
loon frame introduced smaller,
standardized timbers as struc-
tural elements and machine-
produced wire nails as joining
system. They replaced heavy
poles and the sophisticated
technique of dovetails in order
to reduce time, material, exper-

PLATFORM (box) TYPE

tise and costs in construction. |I . f S _. .
With nails and light elements, .. sk "f@f&g‘g}g‘"‘ | — .

45

few people not very skilled
was able to realize the skeleton
of a house in less than a week
where the old systems, based
on tenon and mortise or block-
bau technique, required heavy
wooden logs and expert crafts-
men. The adoption of standard-
ized light timbers made possi-
ble the entry of a new type of
construction: the framing struc-
ture, a structural approach that
later was widely adopted in the
technology of steel and con-
crete. Le Corbousier was one
of the most noted architect
to recognize its value, coding
this new system with the well
known Maison Domino.
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opposite page:
Stav-Kirke
continuous long pole facade

this page:

block bau detail

dovetail interlocking scheme
heavy frame wooden building

1
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Hand-wrolaght nail, befione circa 1800

Type A cul nail, circa 1730-1830

Type B cut nall, circa 1820-1500

‘Wire nail. circs 1590 to present
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One of the most important aspects to take in account in
designing framing structure is the bracing to prevent the
horizontal movements.
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Maison Domino is a clear example of a framed structure but, because the ver-
tical elements are massive and reduced in number, the right definition for this
type is heavy framing structure in opposition of the light framing structure of the
«Balloon frame» where the vertical elements are in great number, reduced in
section and uniform.

One of the most important aspect to take in account in designing framing
structures is the bracing to prevent the horizontal movement of the construc-
tion. For this purpose, designers can put in place a number of devices such
as: triangulations in between some part of the vertical elements, St. Andrews
cross-bracing, isolated rigid element in conjunction with the frame elements
such as shear walls and shear core, or overlapping rigid boards to the frame
elements.

Discrete vs Continuous Structural Elements.

The framing approach is a structural strat-
egy that is widely adopted in nature. It corre-
sponds to the principle of displacing the mate-
rial where it is needed and removing it where
it is not required. Framings, trusses, spatial
structures belong to this kind of family: structures made of discrete elements.
This kind of structure are in opposition to another type: structure made of
continuous elements represented by masonry or concrete bearing walls, pre-
cast panels of different constitutions and materials. Although the structures
made of discrete elements have obvious advantages of lightness and a bet-
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ter ratio of performance and weight, structures
made of continuous elements are still widely
used for various reasons. Some of these reasons
are based on the less complexity to produce
them, or on the fact that the continuity of their
surfaces can offer, at the same time, bearing and
envelope functions.

In last years one of these kind of systems is the
Cross Laminated Timber (CLT) or briefly Cross-
Lam (Xlam) a new generation of engineered
massive wood product started from 1990 in
Austria and Germany, that has been gaining
popularity in residential and mid span buildings.
This technology offers rapidity and easiness in
assembling, good thermal and sound insula-
tion, good fire resistance and a standardized
technique for the connection of its elements.
The X-Lam is also high valuable for its high level
of prefabrication allowing the application of the
state-of-the art CNC manufacturing technolo-
gies and, as a consequence, an effective imple-
mentation of the file-to-factory process and a

very high accuracy in production.
(http://www.forestprod.org/buy_publications/resources/untitled/
summer2012/Volume%2022,%201ssue%202%20Mohammad.pdf)

SHIGERU BAN - BAMBOO ROOF
Rice University Art Gallery, Houston

Anyhow X-Lam system, precast panels or ma-
sonry bearing walls, need to be conceived and
assembled in conformity with the platform ap-
proach.

In contrast, the discrete structural elements can
be used both by following the patterns of the
platform and the long pole type.

The discrete structural elements become abso-
lutely essential when you want to cover large
spaces. Although through recent advances in
material technology continuous structure can
be used to cover wide spans, the use of discrete
elements for structural purpose is still more con-
venient from many points of view. First of all,

B
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the lighter weight of his elements and, for large-scale works, the possibility of split-
ting its constituents to reassemble them in the construction site.

Advanced materials are widely referred to the technology of concrete using high
performance steels or pre/post-stressed reinforced concrete but many other inno-
vations have been introduced in construction. Some of these new materials are

The wood-frame can use light or heavy elements
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light alloys, metal foams and non-metallic or composite materials with high struc-
tural performance derived form aircraft and automotive industries.

Some other of these futuristic materials are microstructure of polymers, glass
fibre reinforced plastic (GFRP), ceramic matrix composite (CMC), polymer ma-
trix composite (PMC) and metal matrix composite (MMC).

STRUCUTRAL INSULATED PANELS
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CROSS LAMINATED TIMBER (CLT) / CROSS-LAM (XLam)

Cross Laminated Timber (CLT) or briefly Cross-Lam (Xlam)
is a new generation of engineered massive wood product
started from 1990 in Austria and Germany, that has

been gaining popularity in residential and mid span
buildings. This technology offers rapidity and easiness in
assembling, good thermal and sound insulation, good fire
resistance and a standardized technique for the connec-
tion of its elements. The X-Lam is also high valuable for its
high level of prefabrication allowing the application of the
state-of-the art (NC manufacturing technologies and, as a
consequence, an effective implementation of the file-to-
factory process and a very high accuracy in production.
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Joining different building structures.

Discrete and continuous structural elements
required different assembly strategies and dif-
ferent kind of joining.

The most important aspect to take in consid-
eration is that joining can be linear or punc-
tual. The former is naturally related to the con-
tinuous structural elements and the latter to
the discrete ones.

[tis well known that joints can be rigid or have
some degrees of freedom letting the related
elements to have some movements. It is also
well known that constrained joints are not al-
ways equivalent to a better assurance for the
stability of the construction. A rigid structure
can be a disaster under the forces induced
by earthquake, wind or thermal dilatations.
A constrained joint can be a problematic is-
sue during the construction phase; in kinetic
building it is absolutely a non sense!

Having said this, we have to consider that the
linear joining tend to be rigid with less oppor-
tunity for the relative movements of the con-
struction members.

Both types of structure (discrete/continuous)
can be assembled directly joining their parts
or using a third element.

In discrete structural elements this third entity
is the node where the truss member are con-
verging and joined.

Node can assume different shapes and work
in multiple ways. Can be a plate, a sphere, or
other shaped object designed to assemble
structural elements in different geometrical
configurations. During the time many kind of
nodes have been developed and used in space
truss or in planar truss as well.

One of the most famous historical examples
are related to the research of Buckminster Fuller

2il
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(1895-1983) that realized his first experiment in
Black Mountain College or to the work of Konrad
Wachsmann (1901-1980). From these early exper-
iments many industries have developed and pat-
ented their own solutions. Some of these most
famous and widely used systems are: Vestruct,
Mero, Pan... All these systems are now able to
offer large opportunities for different applica-
tions even if many designers and researchers
are still puzzling for new solutions and spatial
‘ configurations of the final result.

14
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A US Navy helicopter moving a 16,5 m diameter dome
16.5m,1954

Fuller, @ Black Mountain College, 1948 B. Fuller, USA Pavillon, Expo Montreal, 1967
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Renzo Piano, IBM travelling pavillion, 1983-86

2rova di montaggio di un'arco della struttura -~ >
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Joining technology

Joining wood. Structure using continuous members less frequently can be
joined without using a third element. The technology of the wood is one in
which itis possible to realize joints without the third junction element through
the use of interlocking.

Over time wood crafts has developed an entire universe of joints for light or
heavy structural use:

- tenon and mortise

- tonguen and groove
- lap or halved joint

- through housed

- stopped rebate

- half-lap

- finger (or box) joint

- beveled scarf joint

But in fact, very rarely this kind of connections is made without the use of
third-party components. Normally these third elements are pins, nails, adhe-
sives, and bolts that become the primary means of fastening in other kind of

joints such as:

- butt join
- miter join
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For joints demanding heavier tonguen tenon and mortlse =
structural performances, is

always required the use of a Lj

third element. Normally this ;ﬁy ”

element is a metallic plate ;:»"'f.-:,
with different shapes (L, T, O)
or more complex ones such
as post caps, joist hangers.

N

half-lap

Joining Metal. As written
above, at the dawn of metal
structures, the assembling
strategies for this kind of tech-
nology were closely related lap or halved joint
to the connections used by
wood carpenters. In this anal-
ogy nails were replaced by
rivets: a round ductile steel
bar clinched, after heating, in
prepared oversized holes. This
technology is no longer used
and has been replaced by through housed

bolts, high strength structural e e D
bolts or, for higher resistance, '
the High Strength Friction
Grip (HSFG) less expensive
and noisy then rivets.

lap or halved joint

Currently bolts are the most
used system to combine el-
ements regardless of their
nature. In particular bolt con- tongue and grncwe

nection is widely used in the Ig -

connections to be realized
in the construction site and =
absolutely necessary if the
structures need to be disas-
sembled. After many years
of experimental application,
with the First World War a
new connecting technology

8
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for metallic elements was widely developed and perfected: the welding tech-
nology for the fabrication of different kind of weapons, ships and then airplanes.
This technology can be realized using electricity combined with consumable or
not consumable electrodes; gas, where the most common is the oxyacetylene;
more recently the laser and the ultrasonic technology used, the last one, to con-
nect thin sheets or wires by vibrating them at high frequency and under high
pressure; explosion welding, used for joining dissimilar materials by pushing them
together under extremely high pressure. Because the required high level of con-
trol, this kind of joining technology is mainly realized in factory (shop connections)
and restricted in the construction site (field connections) when a perfect rigidity
and sealing is required.
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Joints and geometry

Joining can be placed to al-
low different configuration of
structural elements.
The first and maybe most dif-
ficult is the co-planar connec-
tion because the structural
behaviour is not supported
by the shape. In fact, when
beveled scarf the elements are crossing
each other or dislocated in
the space, the geometrical
configuration can give an im-
portant contribution to the
structural performances. For
this reason the best behav-
iour of the co-planar joints is
achieved when the elements
are working under traction
forces.

bevelded scarf

For co-planar connections
can be used finger joints, bul-
bed joints but normally over-
lapping plates are required.
Plates can be located on top/
down position, along the two

Bolted joint, Coach bolts and timber

|atera| faces or at the end connactors give a strong face-to-face
joint. Insert the connectors on the bolts
Of the tWo e|ement5 to be between the two pieces of wood, and

use washers under the nuts

joined. In case of «l» profiles
these kind of plates are re-
spectively called cover plates,
web plates, end plates. End
plates form a kind o junction
known as «flanged junction.

For massive wooden ele-
ments, plates can be inserted

Joining ploves. “Sandwich’ Fmbos
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culted inside the section

of each member. Normally,
this fastener are metallic
devices that works in trac-
tion, inducing forces that
squeeze one against the

other elements to be con-
nected.

When the junction are used

to connect columns or pi-

laster to girders, or more in

general torealize an orthog- ”
onal junction, plates can be

integrated or replaced by .
angular elements, fins, or T
elements.

In wood elements this kind
of joint can be realized us-
ing butt join, and miter join
reinforced by nails, bolts or
dowel pins.
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mriter jain

Web cleat

Partial depth
end-plate

Figure 11 Types of simple connection.
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Assembling and joining two-dimensional
structural elements.

A specific field of investigation can be re-
ferred to structural elements where one
dimension is prevalent in section. We can
define them two-dimensional elements
meaning that the thickness, compared to the
length and the width is less relevant or irrel-
evant such as in textile structures. These ele-
ments can be blades, metal sheets, plywood,
membranes, etc. For their nature these kind
of elements have a very low stability under
lateral forces and structural design has care-
fully to consider this characteristic.

\qf
-

Kengo Kuma, Ceramic Cloud, Reggio Emilia, 2010.
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01 Reframe system sample
with tension cables

02 Reframe system strips of
material consistency marked
Incvan

Fannal i altuminio

STRUTTURA

Barre in accialo
SUPERFICIE ESTERNA
Pannelli afluminio
SUPERFICIE ESTERNA
WVeiro

PlANO
Pannelli legno, Erba

STRUTTURA DI APPOGGIO
Profilati H acciaio

Toyo Ito+Cecil Balmont Arup, Serpentine Gallery Pavillion, 2002
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Kengo Kuma, Oribe Tea House, 2005
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To give them a resistance form a useful strategy is changing its original planar
condition, for example, by folding or bending. But if you want to maintain the
original planar configuration of each element it's absolutely required to cross
them and joining them orthogonally or in the space.

One of the emerging structural approach is waffling a kind of discrete struc-
ture where elements are crossing each others in order to realize a kind of skel-
eton. With this strategy is possible to realize in many different forms with high
accuracy since CNC manufacturing technology can be easily applied.
Another similar approach is the sectioning approach where the whole shape
of the construction is literally cut in many slices and reassembled using a third
element between them.
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Even in sectioning is possible to use laser cutting or milling cutting technolo-
gies in order to realize customizing shapes fitting a high variable geometry.
For example, using waffling or sectioning is possible to realize domes or other
spatial structures with planar elements that in the past were only possible us-
ing struts made of tubular metal elements or wooden timbers.

With the precision offered by laser cutter or other cnc technology is now
possible to realize a very complicated components and joints as well such as
special hub connectors to organize two-dimensional elements in the space.
These hubs, are normally made as a tree-dimensional objects but it's also pos-
sible to conceive planar hubs able to connect two-dimensional structural el-

Advanced Architecture of Catalonia (IAAC), Fab Lab House, 2010
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Alan Dempsey and Al
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| 3_Giunto morbido in ) J ~
neoprene montato

nellincavo del profilato [
primario dentellato, per JJ
fornire una presa, e ridurre ==

lo stress nella struttura
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completa
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ements in the space with costs, of course, much lower. In some application
that not required an high structural performance, these planar hubs can be
also realized avoiding structural bolts and combining specific shaped pieces
of wood with pins, chocks and wedges, sometimes in a very complex system
of interlocking.

For the realization of three-dimensional components (whether they are joints
or elements to connect) the casting system is still largely used. Traditional
manufacturing techniques, related to the production of concrete compo-
nents (also reinforced), are now complemented by other production tech-
nologies that derive from the manufacturing industry. Under the generic term
of molding (sheet or bulk molding compound, injection molding, infusion,
vacuum printing,..) today it is possible to realize elements of high complexity
that can be repeated in large numbers or in a limited number that can allow
different geometric configurations even with double curvature. To assemble
this kind of components an effective strategy can be represented by the three-
dimensional tessellation.

Alvaro Siza/ Eduardo Souto De Moura/ Cecil Balmond Arup,Serpentine Gallery Pavilion, 2005
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Parametric Studies_Zaha Hadid

Vent Block

Andrew Saunders facade system using robotic folding

Natural Embellishment, Prosolve 370e a decorative architectural module
coated with a superfine titanium dioxide (Ti02), a pollution-fighting
technology that is activated by ambient daylight. Installed at Torre de
Especialidades, Hospital Manuel Gea Gonzales (Mexico)
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L
MachineHistories Fabric Form Work 1. Greg Lynn Blobwall. a tri-lobed hollow shape that is mass
An experiment in casting using material properties and gravity as a form finding technique. produced through rotational molding.
Materials: Hydrocal Gypsum, Spandex, Plywood and pencils

BIG | Bjarke Ingels Group, Serpentne Pavillion
n " W -y
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FLEXURES

Though not strictly “joints,” there is a class of clever CNC tricks that meet our criteria for inclusion here {bwo or
fewer members, allthe-way-through cuts at 90 degrees) that are designed to explot the natural elasticity of the
panel materal tself to creste |ving hinges, spangs, and othar dynamic flexing elements  We have already
broached the subject of integral flexures with our discussion of catche s and detents, abave
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On Form Investigation students'work @ Icad 200133-14 On Form
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 Investigation students’ work @ Icad 200133-14
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Dror, QuaDror: A structural support system, 2006
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On Form Investigation students'work @ Icad 200133-14
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woOoOoD HuB CONNECTORE

MATT LOWRY FROM DOMEMADE OFFERS A HUE SYSTEM WHICH HE PROUDLY DESCRIBES
AS OREAT TIMESAVER. COMPRISING OF A SERIES OF LASER CUT STAINLESS STEEL BRA-
CEETS; THE DOMEMADE HUD SYSTEM CAN DE UWSED TD CONSTRUCT A CEQODESIC DOME OF
ANY BIZE. THERE B MO MATHE TE PERFEOAM TOW JUET ALTER THE LENGTHE OF YOWR
WDODOD ACCORDINGLY. THE HUB SYSTEM IS THENM CONNECTED TO THE WOODEM STRUTS
USING FOUR TYPES OF NUTS AND BOLTS. THERE IS5 MO MEED FOR COMPLEX MATHS
CALCULATING AMGLES AMND RATIOS WITH THIS HUB. THE BRACKET SIMPLY FORMS THE
CORRECT SHAFE A4S YOU BUILD THE DOME: THE HUB SYSTEM IS IDEAL FOR SHIFFING AS
IT FPACKS AWAY 1IN TO A SMALL BOX AND HAS A LOWER COST THAN MOST OTHER SYSTEMS

OF THIS TYPLC.
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SOME OTHER PART OF HUB

WoOoOD HUB CONMMECTORE

ONE OF THE SIMPLEST ANMD BEST WOODEN DOME
HUB SYSTEM, THE PIPE-SECTION HUBS AND
STAINLESES STEEL STRAF TIGHTEMED WIiTH A
BAMNDING BEVIEE. THIS WAS DEVELOPED BY
FLETCHER PENCE THE VIRSIN |SLAND IN THE
EARLY 605 AND WAS STROMG AND ELEGAMT.

USED BY ARCHITECT JEFFERY LINDSAY M L&
AND PaciFic HIGH SCHOOL FOR 10 wooo-
FRAMED DOMES IN THE EAaRLY 70s.

T-BLOCKING HUD METHOR. THIS I8 AN IMPROVEMENT
OF THE ETRAFP METHOD BY CONNECTING ALL BTRUTS
TOGETHER. AS YOU CAM BEE FROM THE IMAGE, THIS
SOLUTION IS ELEGANT AMD SIMPLE, IN ADDITION TO
REQUIRING DMLY BASIC SKILLS TO REINFORCE HUBS,

THIS HUB DESIGN BEIND PRODUCED M RUSEIA 18
GOING THROUOH SDME SERIDUS TESTS IN THE
SUMMER OF 201 2, ITS DESIONER |8 PAVEL BRAYVD
IS THE DESIONER OF THE DOMESWORLD.RU FORLUM,
THE RESULTE OF THESE TESETE WLl BE AVAILABLE
TO THE PUBLIC ON THE DOMEBWORLD.RU FORLUM,

AR MANY POINTED OUT, IT i REALLY EXTRAORDINARY
WHAT PEOPLE ON THAT FORUM ARE ACHIEVING, LIKE
THIS DESIGN, AN IDEA BORN ON THE FORUM THAT
ENDS UP IN PRODUCTION,IT IS A CDOD EXAMPLE FOR
EVERY DEQDESIC COMMUMITY IN THE WORLD,
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WwWDOOD HUB CONMECTORE

ANDREI SAVELIEV HUB SYSTEM
IT I8 THE HUB DESIGN BY ANDREI SAVELIEV. HE 15 A DESIGN ENGINEER FROM MOSCcOw

AND AR MAJDOR PARTICIPANT ON THE DOMESWORLD.RU FORUMS.
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JAPANESE ODEODDESIC HUB SYATEM FOR WOOD S8TRUTS
FHiE 18 A TRULY ORIOINAL DEODESIS HUD DESIGN WITH A& NIDE EMPHABIE ON PRESENTA
=1 "
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L I FLa F 1942

W. Gropius , K. Wachsmann, The Packaged House System - General Panel Corporation, New York, 1941-42
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Stressing planar elements

As written above, two-dimen-
sional elements can reach an
high structural performance
inducing a internal condition of
stress through bending or twist-
ing.

An interesting example where
bending and twisting are used
to realize a light structure is
shown in the following pages.
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BENDED & TWISTED

1
I " : " i
’-.“ Py Bending using material properties
I s LY
=t s g

Twisted cylinder for view through

Y — a
MNetwork of forces,
| 3 at least 3 intersections to other bent plates

Jeaper Theger Chiistensen
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MATERIAL TEST
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